There have been some investigations carried out about necrophagous flies and their biodiversity indices in Iran. In the present study, the species composition of flies, their richness, and biodiversity were investigated in central Iran. In a cross-sectional study, specimens were collected monthly in three different climate areas of Qom Province. Species diversity, species richness, and species evenness were calculated to estimate the species biodiversity of flies. In total, 7,291 flies were collected and identified using valid identification keys that classified flies into four families and 15 different species. The largest collection of flies was obtained in the mountainous areas comprising 36.2% of specimens. Moreover, five forensically important species of fly were collected in this region with the potential to cause human and animal myiasis: Calliphora vicina, Lucilia sericata, Musca domestica, Wohlfahrtia nuba, and Chrysomya albiceps. There were slight differences in species richness and diversity indices in the areas. In mountainous areas, the Shannon-Wiener index and richness were maximum (H' = 1.87, S = 13). The evenness based on the Shannon evenness index in the mountainous areas was 0.728 and 0.719 in desert areas, whereas it was the highest (0.764) in the semidesert areas. Moreover, high values of the Jaccard similarity index were observed in captured necrophagous fly species in all the areas. The necrophagous fly fauna and species diversity indices were high because of an increase in the evenness. In general, some well-known forensically important species of flies were collected that proved the potential of myiasis occurrence in this area.
Flies can be found almost anywhere, and some species of them are human commensal all over the world. Most of the fly species are useful for plant pollination, scavenging, and controlling various insect pests; thus, they have an important function from an ecological point of view. Regarding medical and veterinary aspects, flies are well adapted for picking up pathogens and transmitting them to humans and other animals, infesting live vertebrates with their larval stages, and causing annoyances. Therefore, they have medical, veterinary, agricultural, economic, and social importance . Biodiversity can be used to alpha (α) diversity describing variation patterns of species within a community or habitat, beta (β) diversity describing taxonomic composition among communities, and gamma (Ϫ) diversity as the total variation of an area (Magurran 2004 ).
There have been some investigations conducted by researchers that have reported biodiversity variation of insects and other invertebrates and vertebrate animals in Iran (Hanafi-Bojd et al. 2012 , Shayeghi et al. 2015 , Arzamani et al. 2018a . Nevertheless, only a few of such studies calculated biodiversity indices (Jahanifard et al. 2014 , Abedi-Astaneh et al. 2015 , Arzamani et al. 2018b . In recent decades, there has been a growing interest in researchers in the fields of biology and ecology of insects, especially necrophagous flies, in the country (Nateghpour and Akbarzadeh 2017) . According to a systematic review investigation, during 1977-2017, a total of 71 papers and 3 PhD/MSc theses were carried out on medically important necrophagous flies in Iran. Based on the findings, 102 species of necrophagous flies in nine families were reported in the country ).
The ecological aspects of necrophagous fly species and their biodiversity indices can help to understand the structure of target taxa in a community and the transmission dynamics of the disease to humans and reservoirs. Moreover, it is necessary to identify fly species to take control measures against them, especially in areas where they cause health problems, such as the transmission of pathogens to people, causing myiasis, and so forth. The placement of Qom Province along the communication routes and its importance as a tourist attraction for religious tourism brings many Iranian and foreign travelers to this area. In addition, given the paucity of knowledge about species composition, richness, and diversity indices of necrophagous flies, this study was conducted in Qom Province, central Iran.
Materials and Methods

Study Area
Qom Province is located in central Iran. This province is 11,526 km 2 in area and has five urban and rural districts with a variety of climates, including desert and semidesert areas, located near the central desert of Iran (Fig. 1) . Three different climate areas in Qom Province (namely desert, semidesert, and mountainous areas) were selected to sample fly species in this study (Qom Province Government 2019; Table 1 ).
Study Design
In this cross-sectional descriptive study, a monthly sampling process on flies was done in 18 villages in all three different climate areas from January to December 2018. To collect flies, six villages in every climate area and three sites in each village were selected based on geographic and climatic conditions. The specimens were collected using different methods for the adult and larvae stage. Bottle traps baited with liver and meat of chicken and hand net were used for collecting adult flies. In addition, hand collection with forceps was applied for capturing larval stages of flies. Bottle traps were set around 7.00 a.m. and picked up before 7.00 p.m. Most of the larvae were stored in 70% ethanol, and some of them were reared to the adult stage. Species identification was carried out according to morphological characters using pictorial valid keys (Povolny 1997; Richet et al. 2011; Akbarzadeh et al. 2015; Szpila et al. 2015a,b) .
Determination of the Species Diversity
Species diversity based on Simpson index and Shannon-Wiener index, species richness based on Margalef index and Menhinick index, and also evenness based on Shannon evenness index and Buzas and Gibson's evenness index were all calculated to estimate the species biodiversity of necrophagous flies in the study area. The computation of these indices is shown in Table 4 . Beta diversity was also estimated using Jaccard's Sj: a/(a + b + c). All data on biodiversity and species richness of flies were analyzed descriptively using Microsoft Excel software.
Results
In total, 7,291 flies were collected from three abovementioned different climate areas. The flies were identified and classified into four families and 15 different species. The overall numbers of collected females were 6,021 and accounted for 82.6% of specimens (Table 2) . Species composition and relative abundance of collected necrophagous flies were determined (Table 3) . Calliphora vicina was the most predominant species throughout the study area and was observed in all areas. The largest collection of flies was obtained from mountainous areas comprising 36.2%, followed by desert areas comprising 32.8% of collected specimens. Some of the most important Alpha diversity indices were calculated and are shown in Table 4 . Fly community similarity by the Jaccard similarity index demonstrated the highest similarity of fly communities (75%) between semidesert and desert and the lowest similarity (60%) between mountainous and desert areas. The Jaccard similarity coefficient was 64.3% between mountainous and semidesert areas.
Discussion
Qom Province is among the most religious cities of Iran where a host of religious national or international tourists reside every year. The area is mostly desert with a very hot summer. The investigation of the biodiversity of flies would be important because of their potential for the mechanical transmission of pathogens. The observed wide variety of fly species (Sarcophagidae, Calliphoridae, Muscidae, and Fanniidae families) in this study showed a diverse fly community, which can increase their contacts with humans, especially in the summertime.
Qom Province borders Tehran, which is the capital of Iran. Localized fly fauna is also important in forensic entomology. For this issue, the information on probable cadaver replacement between the capital city and Qom Province can be found based on the database of fly biodiversity. The results of this study confirmed the presence of S. flagellifera, which has been previously reported in the southern parts of Iran (Nateghpour and Akbarzadeh 2017) . This species has not been reported in Tehran, though .
Similar to other parts of Iran such as Tehran (Mirzakhanlou 2014) , Fars (Akbarzadeh 2012) , and Sistan and Baluchestan (Nateghpour and Akbarzadeh 2017) , the Calliphoridae fly species, C. vicina, was the most abundant species in Qom Province. This species is also the dominant species in some European countries such as Spain (Zabala et al. 2014) . This species has also been confirmed as a species of forensic importance because of its activity on a human cadaver in Fars province, south of Iran (Keshavarzi et al. 2016) .
Sarcophaga flagellifera, S. variegate, and Hydrotaea spp. were collected only in mountainous areas and Sarcophaga melanura in desert areas in this study. The reason may be their preference to live in specific environmental circumstances. S. melanura has been previously reported only in Mazandaran province (Babapour et al. 2016 ), which has a completely different climate conditions in comparison with Qom Province.
Most of the collected flies in this study, Sarcophaga argyrostoma, Wohlfahrtia nuba, C. vicina, Lucilia sericata, Chrysomya albiceps, and Musca domestica can be mentioned as common flies in Iran because they have been repeatedly reported in previous studies . The forensic importance of S. argyrostoma, Ch. albiceps, L. sericata, and C. vicina have been already confirmed in the literature (Keshavarzi et al. 2016 , Talebzadeh et al. 2017 ). In addition, Ch. albiceps has been reported as the most common fly larvae on the human cadaver in Iran (Talebzadeh et al. 2017) .
In the present study, S. argyrostoma was the most predominant species in desert areas. This species has been collected on human cadavers in Tehran (Talebzadeh et al. 2017 ) and seems to be common in all areas of Iran but is not the agent of myiasis in the country. This species has also been reported from both mountainous and (100) plain areas in Sistan and Baluchestan province (Nateghpour and Akbarzadeh 2017) .
The results of this study showed that there were low differences in species richness and diversity indices in three communities. In mountainous areas, the Shannon-Wiener index and species richness were maximum (H' = 1.87, S = 13). There have been limited comprehensive studies on the biodiversity of necrophagous flies in Iran and other parts of the world in which the authors calculated the relevant indices (Nazni et al. 2007 , Akbarzadeh 2012 , Kenawy et al. 2014 , Bhagat 2016 , Davari et al. 2018 . The results are in agreement with the findings of this study demonstrating that flies were more common and abundant in highlands than in the other altitude levels (Kenawy et al. 2014) . Furthermore, the Shannon-Wiener index in this research was more than the index in similar studies in the country (Davari et al. 2018 ) as a probable result of the increase in evenness. The evenness based on Shannon evenness index in mountainous areas was 0.728 and 0.719 in desert areas, whereas it was the highest (0.764) in semidesert areas. These findings agree with the results of Buzas and Gibson's evenness index.
The similarity of the necrophagous flies' communities based on the Jaccard similarity index showed a high degree of similarity among communities (from 60 up to75%). The results, however, were in contrast to some previous investigations (Abedi-Astaneh et al. 2015 , Arzamani et al. 2018b , but they can demonstrate the diversity of necrophagous flies in this province. The necrophagous fly fauna in Qom Province was not richer than some other investigations in the country but included some of the most medically important species. Moreover, some forensically important species were also collected that proves the potential of myiasis in this province. The high similarity of the diversity of fly communities in desert and semidesert areas, estimated by means of beta diversity index and Jaccard similarity index, might be due to the effects of desert conditions on the ecology of fly communities. On the other hand, this index showed a little variation in the diversity of flies between desert and mountainous areas. Thus, it might be better not to divide desert areas of Qom Province into the desert and semidesert areas. This may also be due to the effects of climate change (Razgour et al. 2018 ). S, number of species in the community; pi, number of individuals of species i/total number of samples (pi = ni/N); lnp i , the natural logarithm of species i.
